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ketimide complex (CsMes);U(=N-2,6-"Pro-C¢H3)(N=CPh;) (18). The complexes have been isolated in
good yield and characterized using various combinations of 'H NMR spectroscopy, elemental analysis,
mass spectrométry, single crystal X-ray diffraction, cyclic voltammetry, UV-visible-NIR absorption
spectroscopy, and magnetic susceptibility measurements. All (CsMes),U(=N-Ar)(Y) cémplexes exhibit
UY/UY and UY/UY redox couples by voltammetry, with the potential separation between these metal-

based couples remaining essentially constant at ~1.50 V.



Introduction

Complexes of the early actinides (Th-Pu) have gained considerable prominence in organometallic
- chemistry as they have been shown to undergo chemistries not observed with their transition- or
lanthanide metal counterparts.” Further, while bonding in f-element complexes has historically been
considered tb be ionic, the issue of covalency remains a subject of debate in the area of actinide

1012 and studies aimed at elucidating key bonding interactions with Sf-orbitals continue to

science,
garner attention. Towards this end, our interests have focused on the role that metal oxidation state
plays in the structure, reactivity and spectral properties of organouranium complexes. In recent years,

13,14

tetravalent and hexavalent complexes have dominated the landscape of uranium chemistry, > " with the

corresponding pentavalent systems remaining rare. This is presumably a consequence of their

1516 and most of our current knowledge of the physicochemical

instabili{y towards redistribution,
properties of uranium in this oxidation state céme from classical coordination complexes of the halides,
(e.g., UXswhere X = halide).'™®

From a heuristic perspective, the UY oxidation state with its simple 5f' valence electronic
configuration remains a highly attractive target. While more structurally elaborate uranium(V) systems
have been noted in the literature, specifically those containing metal-nitrogen and —oxygen bonds,"
organometallic systems are comparatively less ccmlrnon.’s’:20 Importantly, the synthetic routes available
for accessing pentavalent systems héve béen limited, relying on either the one-electron oxidation of U™

20221 or thallium™ salts to give cationic U species, or by reacting trivalent

complexes with silver
. uranium complexes with powerful two-electron oxidants such as azides or N-oxides to give the
corresponding U"-imido or -oxo complexes, respectively.'”®*? While successtul, these routes utilize
reagents that can be difficult to handle and control,”” and are also synthetically limited in scope and
cannot be easily fine-tuned.

VWe recently reported™® a general and versatile Cu(l)-based oxidation procedure that enables easy

access to pentavalent organometallic uranium complexes of the type (CsMes),U(=N-Ar)(X) (where X =

- halogen) from the -corresponding U"-imido systems ((CsMes),U(=N-2,4,6-Bus-CsHy) (1);°



(CsMes)U(=N-2,6-"Pro-CsHa) (2)7) (eq 1). While the one-electron oxidations utilizing silver salts
result in cationic uranium complexes, this Cu-based oxidative functionalization results in neutral uY

species which feature a bent-metallocene framework with the imido and halide ligands contained within

/% /Ar 7 /Ar
\U/,N Cux \ ,}N

.. > U
‘ / “(THF), toluene, rt, 12 h / X
-cu®

1: Ar = 2,4,6-Bu3-CgHa, =0 3 Ar=2,46-Busg-CsHa, X = F

‘ 4 Ar = 2,4,6-Bug-CeHy, X = Cl
5 Ar= 2,4,6JBU3-06H2, X=Br
6: Ar = 2,4,6-Bug-CgHy, X = |

the metallocene wedge.

(1)

2: Ar = 2,6/Pry-CgHs, n =1 7 Ar= 2,6-{Pr2-06H3, X=F

8 Ar= 2,6-{Pr2-C6H3, X=Cl.

9 Ar= 2,6-’F"r'2-CGH3, X=Br

10: Ar = 2,6-Pry-CgHz, X = |
Applicable for the synthesis of the full suite of halides (X = F, Cl, Br, 1), this protocol allowed for a
systematic study Vof the electronic structure and bonding of pentavalent uranium chemistry — a study
which suggested that minor differences existed between the structures as the halide ligand was varied.
As such, our search has been broadened to the synthesié of non-halogenated UV-imido complexes,
(CsMes)zU(=N'-Ar)(Y ), where Y represents a non-halide anionic ligand, in ofder to investigate larger
perturbations in the bonding environment around the uranium metal. Herein, we report our progress in
the synthesis of substituted UY-imido complexes using various routes: (1) Direct oxidation of Uiv—imidq
complexes with copper(l) salts; (2) Salt metathesis with UV—imido halides; (3) Protonolysis and
insertion of an UV-imido alkyl or aryl complex with H-N=CPh;, or N=C-Ph, respectively, to form a U"-
imido ketimide complex. Further, we report and compare the crystallographic, electrochemical,
spectroscopic and magnetic characterization of the pentavalent ural_lium {(CsMes),U(=N-Ar)(Y) series

(Y = OTf, SPh, C=C-Ph, NPh,, OPh, N=CPh,) to further interrogate the molecular, electronic, and

magnetic structures of this new class of uranium complexes.



Results and Discussion
Synthesis and Structural Characterization.
A - Direct Oxidation

The direct oxidation of complex 2 with functionalized copper(I) salts was examined as a primary route
for the synthesis of (CgMes)gU(=N-2,6-£Prg~C61{3)(Y) complexes with extended ligand sets (Y #
halogen). A logical extension of the halide chemistry, reaction of 2 with one equivalent of the
(CuOTH),toluene adduct (OTf = OSO,CF3) afforded the UY-imido triflate derivative, (CsMes);U(=N-
2,6-Pro-CsH3)(OTE) (11), in good isolated yield (eq 2).”* The corresponding oxidation utilizing the
copper halides were optimized to occur over 12 h using an excess of the oxidant (5 eqﬁiv); however use
of excess (CuOTf)ytoluene or extended reaction times lead to dramatic decomposition of the triflate
product.  Conversely, (CsMes),U(=N-2,6-Pr,-CsHa)(SPh) (12)** and  (CsMes),U(=N-2,6-"Pr,-
CgH3)(C=C-Ph) (13)’! could only be prepared by reacting 2 with excess oxidant (CuSPh or CuC=C-Ph,
5 eqﬁiv) at 75 °C over 12 h. Following workup, complexes 11-13 were reproducibly isolated as
analytically pure solids and were characterized by a combination of "H NMR, electrochemistry; Uv-
visible near-IR spectroscopy, elemental and mass spectrometfic analyses, and magnetic susceptibility.

, Pr o equw (CuOThH,- toluene
toluene, rt, <1 h
\ N

2 5 equiv CuSPh

/ “THF toluene, 75 °C, 12 h ‘
SequtvCuC CPh
2 toluene, 75 °C, 12 h 11:Y = OTf, 76% Yield

12:Y = 5Ph, 80% Yield
13 Y =C=CPh, 58% Yield

The identities of compounds 11 and 12 were confirmed by single-crystal X-ray crystaliography.”®
Like their halide counterparts, these bent-metallocene complexes contain the imido and Y ligands
contained within the metallocene wedge. A list of selected geometric parameters can be found in Table
1. Both 11 and 12 have nearly linear U=N-Ca, angles (168.3(5)° and 171.6(3)°, respectively) and short
U=Nimigo bond distances (1.9575(5) A and 1.9?6(4) A, respectively), which compare well with the
corresponding metrical parameters observed for the U'-imido halides (3, 5, 8-10)*° and other high-

valent uranium (U™-U"Y) imido Comp(mnds.32 To the best of our knowledge, 11 is the first structurally



characterized pentavalent uranium species incorporating a triflate group. At 2.378(4) A the U-OTf bond
-length observed in 11 compares well with those reported for other structurally characterized uranium
triflate complexes. For exarﬁple, (CsMes) U ~(V,N')-CH3-N-N=CPh,](OTf) has a U-OTf bond
distance of 2.395 A> while the U™ bis(triflate) complexes (CsMes),U(OTf),"OH, and
(CsHs),U(OTT),(pyridine); have U-OTf bond lengths of 2.36(1) A and 2.40(1) A and 2.395(4) A and
2.385(4) A, respectively. With regard to 12, one other pentavalent organouranium complex with a U-
S bond has been reported: [Na(l8-crown-6)(THF)][(ng—CgHg)U(C4H4S4)2], with U-S bond lengths in
the range 2.68;2.?(} A% Not surprisingly, the U-S distance of 2.7230(13) A found for neutral 12 is
slighﬂy longer than the range observed for the UY cationic system. It is in agreement with U-S bond

distances observed for complexes of uranium in other oxidation states.*®



Table 1. Selected Metrical Parameters for the (CsMes),U(=N-2,6-"Pr,-C¢H3)(Y) Complexes 8-12,

14, 18.
C-Me M CsMesgcent-M- Imido Parameters X/Y Ligand NU-XAY ©)
ST CsMesey U-N(A)  N-C (A) U-N-C (%) Parameters
8 ‘ U-C1(A) N-U-Cl
xoco  2:505,2.453 134.87 1.963(4)  1.404(7)  169.6(4) 2.6209(15) 105.79(13)
9 3 ‘ U-Br (A) N-U-Br
gop  2:523,2452 137.98 1.969(7) 1.40Q2)  172.2(9) 2.789(3) 105.32)
10 - : ' U-1(A) N-U-I
gop  2.454,2.459 134.07 1.974(7)  1.406(10) 170.7(? 3.0385(7) 106.602)

U-0(A) U-0-S¢°)  N-U-O

1 2.435,2.440 135.92 1.9575(5) 1.416(8) 168.3(5) 2378 160.4(3) 109.16(19)

Y =OTf

U-S(A) U-8-C(°) N-U-S

2.7230(13) 131.08(17)  103.35(12)

Yjéph 2.466,2.457 136.24 1.976(4) 1.398(6) 171.6(3)

U-N (A) N-U-N

2.322(4) 93.73(15)

14 : ‘
Y = NPh, 2.511, 2.530 125.01 - 1.984(4) 1.399(6) 174.0(3)

U-N(A) TU-N-C () N-U-N

18 5493,2484 13832  2.012(4) 1.391(7) 174.6(4) 2199 1778(4)  11195(17)

Y =N=CPh,




B - Salt Metathesis

An alternative route for the generation of substituted of UY-imido complexes is salt metathesis
between the imido iodide (CsMes),U(=N-2,6-"Pro-Celz)(I) (10)* and selected alkali metal reagents.
This pathway is pérticularly attractive for those situations where the copper reagent [Cu(I)L] required
for the direct oxidation pathway -outlined above is unavailable or unstable, thereby dramatically
expanding the synthetic utility of the UY-imido chemistry. As illustrated in Scheme 1, (CsMes)U(=N-
2,6-"Pry-CsH3)(NPhy) (14) was prepared by the reaction between 10 and KNPh;. While this reaction
occurred at room temperature over 12 h, the corresponding synthesis for (CsMes),U(=N-2,6-"Pr,-

CgH3)(OPh) (15) required elevated temperatures (75 °C) to occur in a commensurate timeframe. Both

14 and 15 were obtained in good isolated yield.

Scheme 1. Salt metathesis route to substituted U"-imido organometallics.
fPrQ : fPrQ
%}}N | | %&N
/ NPh, : / OPh
i
15
ﬁ% NQ
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_ 10 . ,
:Pr\Q i iv :prQ
/%\U/,N /'Pr . /&\(U/,N jpr
\g( “Me \% “Ph
16 17

i: 1.2 equiv KNPhy, 25 °C, 12 h, 80%; ii: 1.2 equiv KOPh, 75 °C, 12 h, 75%; iii: 1.5 equiv Me,Mg(1,4-dioxane), 1,4-
dioxane, 25 °C, 12 h, 70%; iv: 2.0 equiv Ph,Mg(THF),, 1,4-dioxane, toluene, 25 °C, 12 h, 80%.

The molecular structure of 14 was confirmed by single-crys'tal X-ray diffraction (Figure 1);* the
metrical parameters of which agree well with those observed for complexes 11 and 12. Further, the U-

Nimido distance and U=N-Cy; angle of 1.984(4) A and 174.0(3)° for 14 are in good agreement with those-




found for the other UY-imido complexes.’? At 2.322(4) A, the U(1)-N(1) bond in 14 compares well
with the geometric parameters obtained for other neutral (Mes;Si-N=)U[N(SiMes);]3, U-Namige =
2295(10)  A),'™ anionic  ([U(dbabh)s], U-Namge = 2.23-227 A) ' and cationic
([(CsMes)UNMey)s(THF)], U-Namide = 2.25-2.35 &; [(CsMes)UNEL)], U-Namige = 2.16-2.17 A)2

uranium(V) complexes containing an U-Nymige link;ag@.41

Figure 1. Molecular structure of complex 14 with thermal ellipsoids projected at the 50%
probability level. :

Complex 10 also served as a useful platform for the synthesis of both UY-imido alkyl and aryl
cﬁmpo’unds — reaction between 10 and either Me,Mg(1,4-dioxane) or Ph,Mg(THF), afforded the alkyl
((CsMes),U(=N-2,6-"Pr,-CeHs)(Me) (16)) and aryl ((CsMes),U(=N-2,6-Pr,-CsH3)(Ph) (17)) complexes;
respectiveily, in good isolated yield (Scheme ). Paired with 13, the isolation of 16 and 17 show that the
uraniuvm complex can host the full range of carbon anions (sp, sp2 and sp3); and are, to thev best of oﬁr
knowledge, the first examples of pentavalent uranium complexes with anionic carbon ligands other than
a barbocyclic {CsRs, CsH5, CgHs) ligand.

C — Protonolysis and Insertion
(CsMes);U(=N-2,6-"Pr,-CeHs)(Me) (16) and (CsMes),U(=N-2,6-"Pr,-C¢Hs)(Ph) (17) served as useful |

starting materials for the synthesis of the U'-imido ketimide complex (CsMes),U(=N-2,6-"Pry-



CsH3)(N=CPh,) (18) (Scheme 2). In situ-formed 16 was heated at 75 °C in the presence of excess
benzophenone imine to afford 18 in good isolated yield (86%) by protonolysis and concomitant loss of
methane. Alternatively, insertion of benzonitrile into the U-C,ny bond in in situ-formed 17 gave the
identical product 18 in 91% yield. These pathways not only extend the scope of this U'-imido
chemistry, but they also help confirm the existence of both 16 and 17, which were not structurally
characterized.

Scheme 2.  Protonolysis routes from UV-imido alkyl/aryl complexes toward (CsMes),U(=N-2,6-"Pr,-

CeHs)(N=CPhy) (18). |
P

iz 1.2 equiv benzopehone imine, 75 °C, 12 h, 86%; ii: 1.2 equiv benzonitrile, 12 h, 91%.

Single crystals of 18 suitable for X-ray diffraction studies were. obtained by sldw evaporation of a
concentrated solution of hexamethyldisiloxane at room temperature. Complex 18 (Figure 2) represents
the first uranium-ketimide complex with the metal in a formal oxidation state other than U'. As with
complexes 11-15, 18 has a nearly linear U=N-Cy4, angle (C(21)-N(1)-U(1) = 174.6(4)°) and a short
U=Nimido bond distance (U(1)-N(1) = 2.012(4) A). The U-Nyetimige bond length (U(1)-N(2) = 2.199(4)
A) and nearly linear U-N=C bond angle (U(1)-N(2)-C(33) = 178.2(5)°) found in 18 are comparable to
those found for the structurally characterized uranium(I'V) ketimide complexes (U-Nietimide = 2.179(6)—

2.220(3) A7

10



Figure 2. Molecular structure of complex 18 with thermal ellipsoids projected at the 50%
: probability level.

Magnetic Susceptibility.

The magnetic response of the (CsMes),U(=N-2,6-Pr-CsHs)(Y) complexes 11-15 and 18 was
‘measured between 2 and 350 K to evaluate changes in the electronic structure based on substitution of
the auxiliary ligand. With pess (us/U) values of 2.65 (11), 2.48 (12), 2.22 (13), 2.27 (14), 2.38 (15) and
203 (18) the UY-imido complexes exhibit magnetic susceptibilities similar to those observed for their
UY-imido halide counterparts® and other vreported pentavalent uranium complexes.”™**3?  No
significant differences between e values or temperature dependencies were observed for these
complexes regardless of the identityv of Y. Plots of both the y7' product versus T and constant
temperature magnetization (M versus H) at 2 K are provided as Supporting Information.

TH NMR Spectroscopy.

The "H NMR of the uranium(V) complexes 11-13 and 15-18> are similar to those found for the UY-
imido halidés — they exhibit a signal corresponding to the CsMes ligand protons and an inequivalency
of the ortho "Pr groups not seen for the U™ imido starting material.”® As has been observed for other

paramagnetic uranium systems,” there is a dependence on the chemical shift for like protons (i.e. the

CsMes resonanées) and the identity of the donating ligand (X or Y) in the paramagnetic (CsMes), U(=N-

11



2,6-"Pry-CeH3)(X/Y) structure (Table 2). While the exact reasons for this phenomena have been
debated,”" it has been proposed for the uranium systems that the trend tracks with the amount of -

donation from the X/Y ligand to the metal center.’**

In effect, the better the n-donor, the more
electron-rich the uranium center, manifesting in a larger shielding and an upfield shift of the auxiliary
protons. In this regard, the position of a set of like-protons for structurally related uranium complexes
(in this present case (CsMes),U(=N-2,6-Pry-CsH3)(X/L)) tracks with the electron density at the metal
center as a result of the change in coordination environment in the complex. Therefore, 11 (L = OTf),
which has the most downfield shifted CsMes resonance at 6 5.98 ﬁpm, has the most electron deficient
uranium center, presumably arising from poor donation from the OTf ligand. The CsMes shifts for the
halide series vary systematically with the identity and n-donating ability of the halide ligand: 10 (X =1,
0 5.78 ppm) — 9 (X =Br, 6 5.31 ppm) — 8 (X =Cl, 6 4.92 ppm) — 7 (X =F, & 3.94 ppm), confirming
that while fluorine is the most electron negative substituent, it is the strongest n-donor compared to the

other halogens. The chemical shift for the CsMes protons in 12 (5 4.57 ppm) intersects the halide series,

indicating that while the SPh group is a better donor than the larger halides, fluorine is still a better 7-

donor. The CsMes resonance fdr (CsMes),U(=N-2,6-"Pry-CsH3)(C=C-Ph) (5 4.11 ppm) is slightly less
that of 7, which is not surpfising given that while the CEC-Ph fragment is a strong G—dOIlOI',. its ability to
n—donate should be minimal. The CsMes resonance for (CsMes),U(=N-2,6-'Pr,-C¢H3)(OPh) (& 3.33
ppm) is further upfield, and the UV-imido ketimide complex 18 is shifted to the largest upfield position:
0 1.41 ppm. Paired with the geometric parameters, this peak position implies that the ketimidé ligand is
strongly donating to the uranium center, consistent with previous studies that suggest that a bond ordef
greater than one exists between the uranium and Nietimige- -+ Interestingly, both the Me (8 3.30 ppm)
and Ph (6 3.00 ppm) ligands are also strongly donating to the uranium center in this system, to an extent
appréximately equal to or slvightly better than the alkoxide derivative. Overall, given the relative
positions of the CsMes resonances for the UY-imido complexes, the trend in increasing n-donating

ability for the X/L ligand is OTf <I < Br < Cl <SPh < C=C-Ph.<F <OPh ~ Me < Ph << N=CPh,. This

12



is in accord with electrochemistry data which suggest a similar trend in ease of oxidation across the

series (vide infra).

Table 2. 'H NMR Chemical Shift of the CsMes Protons in the (C5M€5)2U( =N-2,6-'Pr,-CsH3)(X/Y)
Complexes at 25 °C in C¢Ds.
Compound S (ppm) Compound S (ppm)
7(X=F) 3.94 12 (Y = SPh) 4.57
8§ (X=ChH 4.92 13 (Y = C=CPh) 4.11
9 (X =Br) 531 15 (Y = OPh) 3.33
10 X=1) ' 5.78 16 (Y = Me) 3.30
11 (Y = OTY) 5.98 17 (Y =Ph) 3.00
18 (Y = N=CPhy) 141
Electrochemistry.

Cyclic and square-wave voltammetric rdata have been coliected for (CsMes)zU(=N-2,6-iPr2—
CeHa)(X/L) complexes 7-16 and 18 in ~ 0.1 M [Bu({N][ﬂuoroaryIborate]/tetrahydrofuran solution
([flucroarylborate]” = {B(C6F5)4]' or [B(3,5-(CF3)2-CeHa)s]). The potential data are summarized in
Table 3, and typical cyclic voltammograms are illustrated in Figure 3. Data for 7-10*° and 13! have
been previously reported, but are included here for completeness. We were unable to obtain
voltammetric data for 17 because of very rapid decomposition of this cofnplex in the supporting
electrolyte solution. Similar problems were encounteréd.previouély for the fluoride complex (7),° and
low-temperature voltammetry was found sufficient to stabilize that complex for data collection. Similar
efforts were not made for 17.

The voltammetric data for the new UV-imido complexes (11, 12, 14-16, 18) are cdmpletely consistent
with that reported previously for the halides (7-10) and the acetylide complex (13). In partiéula;r, all
these systems exhibit two chemically reversible one-electron redox transformatioﬁs; an oxidation wave
attributable to the UY/U" process and a ‘reduction wave attributable to the UY/U" process. As
illustrated in Figure 3, the separations between the anodic and cathodic peaks for these waves deviate,
in some cases substantially, from the nominal electrochemically reversible value of 60 mV indicating

that the heterogeneous electron-transfer rates vary significantly across this series.”® This behavior was

13



reported previously for the halide complexes.”” Of greater interest is the variability in the half-wave
potentials for these metal-based redox transformations acfoss this series reflecting the role of the
ancillary ligand in perturbing the redox energetics in these systems (Table 3). This perturbation appears
to derive from an interplay between purely electrostatic effects (e.g., for the triflate complex 11) and
more intrinsic o- and n-bonding interactions that shift electron density at the metal center thereby
impacting the redox energetics. The overall effect across the series is quite dramatic for a seemingly
small structural perturbation td the otherwise constant UY-imido core (Table 1). If one considers the
potential of the UY'/UY oxidation wave, the process shifts by ~ 0.7 V on going from the triflate complex
(11) to the ketimide complex (18). As noted above, the chemical shift of CsMes ligand protons in the

"H NMR spectra (Table 2) reflects the extent of n-donation from the ancillary ligand to the metal center.

-Interestingly, there is an excellent linear correlation between these chemical shift values and the

oxidation potentials (Figure 4), suggesting that there is a common origin, n-donation from the ligand to
the metal, contributing to both observables.

Finally, we note that the nearly constant potential separation between the: UY/UY and UY/U" couples
described previously® is retained across this entire series of eleven complexes, with an average |AE 1|
value of 1.52 + 0.03 V. This implies that the factors responsible for (de)stabilizing the oxidation
process are equally at piay in shifting the reduction wave in the same direction. Thus, for example, the
n-donor ligands stabilize the UY" oxidation state while concomitantly destabilizing the more electron-

rich U' oxidation state by an approximately equal amount.

14




Table 3. Summary of Redox Potential Data® for the (CsMes)U((=N-2,6-"Pry-CsHs)(X/Y)
Complexes 7-16 and 18 in ~0.1 M [Bud,N][ﬂueroarylborate]b/T HF Solution at Room

Temperature.
Uv X Electrol%fte Ein (UVI/UV) Ein (UV/UIV) [AE1/2! Ref.
Complexes Anion )] V) 2
7¢ F BArg -0.14 -1.81 1.67 29
Cl BArg 0.03 -1.52 1.55 29
Br BArg 0.07 -1.44 1.51 29
10 I B(CeFs)a 0.11 -1.37 1.48 28,29
11 OTf BArp 0.36 -1.21 1.57 28, this work
12 SPh BArg 0.00 -1.43 1.43 28, this work
13 C=CPh BArg -0.10 -1.64 1.54 31
14 NPh, BArg -0.30 -1.65 1.35 this work
15 OPh BArgp -0.22 -1.75 1.53 this work
16 Me BArg -0.13 -1.71 1.58 this work
18 N=CPh, BArr -0.34 -1.84 1.50 this work
| AEI&](ave) 1.52 +0.03
uv N Electrolyte  Ei2 (UYUY) Eip (UMU™) ARy
Precursor Anion V) V) (V)
24 THF BATrF -0.86 2.40 1.54 28

*All Ey; values are versus [(CsHs),Fe]™ and were determined from the peak position in a square-wave voltammogram or
from the average of the cathodic and anodic peaks in a cyclic voltammogram. "Electrolyte anion was either [B(3,5-(CF3)-
CsHi)4] (BArg), or [B{CsFs)s]. °Although scan-rate dependent behavior was explored at ~-50 °C, potential calibration data
were collected for this complex at room temperature using a freshly prepared solution.

15
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Figure 3. Cyclic voltammograms for the (CsMes)2U(=N-2,6-Pr-CeH3)(X/Y) complexes 7-16 and
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Figure 4. Linear correlation between 'H NMR chemical shift of the CsMes protons and oxidation

potential for (CsMes)U(=N-2,6-Pr;-CsH3)(X/Y). The correlation includes all ten
available data points (R? = 0.93).
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Electronic Spectroscopy.

%31 the organometallic UY-imido complexes provide an excellent opportunity

As noted previously,
to explore in detail the electronic/molecular structure relationship. Their simple 5f' valence electronic
configuration gives rise to relatively straightforward electronic spectra, and the essentially constant
molecular structural framework provided by the (CsMes),U(=N-2,6-Pr,-CsHs) core enables a focus on
perturbations introduced by the ancillary ligand (X/Y) in the metallocene wedge. Additionally, the
imido ligand with its covalent multiple bonding to the metal center introduces additional molecular
electronic states of both ligand-localized and charge-transfer character that have the potential to interact
with the ligand-field (f-f) states in ways that provide additional diagnostics for the electronic structure
and electronic interactions in these systems.

Consideration of the electronic spectra begins by examining the entire UV-visible-near IR region
illustrated in Figure 5. For comparison purposes we have also included previously published spectra for
complexes 7-10%° and 13.>' There is remarkable consistency in the spectral band shapes and intensities,
particularly for the spectra in the upper panel of Figure 2. The variability is somewhat greater in the
spectra in the lower panel, although it should be noted that the intensity data for the methyl (16) and
phenyl (17) complexes are less certain because these samples were prepared from material that was of
an oily consistency that made accurate weighing problematic. The spectral assignments for the bands in
the region from 10 000 — 33 000 cm™ have been described in detail previously and derive principally
from transitions localized on the (CsMBs)QU(:N-z,6-iPI'2-C5H3) core.”’ Given the correlations among
these spectra, it is likely that these assignments remain valid for all these complexes. Specifically, the
lowest energy broad bands at ~ 10000 and 14000 cm™ are assigned to the two different spin components
of the imido-to-metal charge-transfer transition; 4(:rcM=N~—>nb5f) and 2(7€M=N—)nb5f), respectively (nb =
non-bonding). The higher energy bands in the UV-visible region are comprised at least in part of
Tv=N—>T*pp, transitions. These assignments are all supported by density functional theory calculations.””

The strong spectral correlation across most of this series suggests that the ancillary (X/Y) ligand does

not contribute significantly to electronic excited states within the region probed in our studies. The
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exceptions to this observation appear to be in the spectra for the acetylide (13) and ketimide (18) as

evidenced by the substantially larger transition intensity in the higher energy region. Both of these

ligands possess low-energy non-bonding, m and/or n* orbitals that should contribute to the spectral

4,5,59,60

density of states in this region. This becomes significant in the context of the f-f transition

intensities discussed below.
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Figure 5. UV-visible-NIR electronic absorption spectra of the (CsMes);U(=N-2,6-"Pr,-CsH3)(X/Y)
complexes 7-18 in toluene solution at room temperature.

The 5f' valence electronic configuration in all these complexes gives rise to a fairly simple f-orbital
density of states. Spin-orbit coupling leads to only two manifolds of states; a Fspn ground-state
manifold and a F,. excited-state manifold. These manifolds will be further split according to the
symmetry and strength of the crystal field imposed by the ligand environment. In the low symmetry of
these UY-imido complexes (nominally C; symmetry), all orbital degeneracies should be removed
leading to a total of seven states and six possible transitions. {(Note that each state will still be a Kramer
doublet as a consequence of the odd electron count.) Preliminary Hgand-ﬁeld calculations incorporating
spin-orbit coupling reported by us previously” for structurally simplified surrogates of the fluoride (7)
and iodide (10) complexes are in general good agreement with published data and interpretations for 5f'

systems in higher symmetry (e.g., pseudo-octahedral) environments such as the UY hexahalides.'
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Specifically, our calculations predict that two transitions lie ﬁithin ~2800 cm’™ of the ground-state and
would not be observable in our experiments. The four remaining transitions are predicted to lie 6000 —
10 000 cm’! above the ground state, with the two lowest levels occurring at 6200 and 7100 cm’™.

A set of narrow, lower intensity bands in this low energy spectral region is readily discernible in the
data shown in Figure 5. These bands were isolated for better interpretation and comparisonv by fitting a
Gaussian profile to the broad band at 10 000 cm™ and subtracting this broad band from the lower energy
region. In addition, for several of the complexes, data were collected at 77 K in a toluene-ds glass to
enhance the spectral resolution. Typical data for these f-f bands after this higher-energy background
subtraction routine are illustrated in Figures 6 and 7. The spectra clearly are comprised of many bands
resulting from both pure electronic transitions and vibronic transitions built on the electronic transitions.
At a qualitative level, the spectral data for all twelve complexes appear to be comprised of two sets of
bands. The first set occurs in the same energy range (with the most prominent band at ~6000-6200 cm’
! for all complexes. The second set establishes some distinction among the complexes. For the
fluoride (7), amide (14), and phenoxide (15) the second set begins with the most prominent band at
~7300 cm™, whereas for all other complexes, this second set begins with the most prominent band
occurring at lower energy (~6800~7000 cm™). Note, however, that these ranges are in good agreement
for all complexes with prediction from the ligand field/spin orbit calculations performed previously for
the fluoride and iodide model systems (CsMes)gU(=N-C6H5)(X) (X=F, D%

Examination of the 77 K data (Figure 6) in this f-f spectral region for the four halide complexes
provides some quantitative support for the interpretation that this region is comprised of two different
sets of electronic transitions each of which has vibronic structure (instead of a single electronic
transition with vibronic structure). First, as previously noted,” there is a very weak feature in the room
temperature data for each of the halide complexes at ~5900 cm™ that disappears in the 77 K spectra.
This indicates that this feature is a vibronic hot-band, and therefore the most intense band in the 6100—
6200 cm’' region is an electronic origin. (Note that there is no inversion symmetry in these complexes,

so dipole-selection rules associated with orbital parity are relaxed.) Next, the series of weak bands in
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the region just above this very intense feature (~6360, 6520, and 6590 c¢m™) is nearly identical for the
chloride, bromide, and iodide complexes (with very minor shifts of all bands to slightly higher energy
along the series Cl < Br <I) consistent with vibronic structure derived from vibrational modes of nearly
identical energy for all three complexes. Since these features occur at nearly the same energy in all
three spectra, they likely derive from modes localized on the (CsMCg)QU(:N-Z,é"fPrz-CgHg) core, and do
not involve the M-X bond to an appreciable extent. The spectrum of the fluoride complex also has
several weak vibronic features in this same region, as expected since it, too, has this same metallocene
imido framework. To higher energy, however, there is a significant difference in the spectral data for
the fluoride complex versus those of the other halides, with the next distinctive feature in the fluoride
spectrum lying some ~500 cm™ to higher energy than those in the spectra of the other halides (~7250
em™ vs. ~6700 cm']). This strongly suggests that this next series of bands derives from a new electronic
transition (and related vibronic sidebands to higher energy) that lies to higher energy in the fluoride
complex than in the other halides because of the greater perturbative influence of the fluoride ion

compared to that of the other halides on the metal-based energy levels.
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Figure 7. NIR electronic absorption spectra of the (CsMes),U(=N-2,6-'Pr,-CeH3)(Y) complexes 11-
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The rich vibronic structure seen at 77 K for the halide complexes is less readily discernible in the
RT data for the other non-halide systems (Figure 7), but the gross spectral features clearly fall into one
of two categories; those with the higher energy set of f-f bands in the same higher-energy range as those
of the fluoride complex (i.e., the amide (14) and the phenoxide (15)) and those whose spectra are more
like those of the heavier halides. The crystal structure data (Table 1) that span most of the twelve
complexes under consideration demonstrate that all complexes have very similar structural parameters,
with the only significant difference being the identity of the ancillary ligand (X/Y) in the metallocene
wedge, and the metal-ligand bond distance for this ligand. It is also expected that the spin-orbit
coupling constant for U should remain essentially constant across the entire series of complexes. Thus,
the spectral data provide an important opportunity to focus specifically on the contribution of the
ancillary ligand to the splitting of the {-f states in these systems. In principal, these data can be used to

arrange the ancillary ligands according to a spectrochemical or nephelauxetic series.®!

However, the
low symmetry of these complexes necessitates more parameters to describe the energy level splitting
than can be deduced from the energies of just the two states identified in our data. We are currently
pursuing additional density functional theory based calculations to enable a more quantitative
assessment. It is clear that the complexes can be divided into two distinct classes based on these
spectral data, and the grouping of the fluoride, amide, and phenoxide systems into the same class as
suggested above is most consistent with the propensity of these ligands to interact strongly with the
metal center by both o- and n-donation that would be expected to lead to greater splitting of the 5f
levels.

The final consideration regarding these f-f spectral data concerns the intensities in the absorption
bands. In classical coordination compounds of pentavalent uranium in pseudo-octahedral symmetry,
such as the hexahalides, typical molar absorptivities are in the range ~5-20 M"'em™."® In contrast, for
the UY-imido complexes herein, the molar absorptivities in the principal bands are in the range from

~100 to ~1500 M 'em™. Clearly some of this discrepancy can be attributed to the fact that there is a

relaxation in the electric dipole selection rules for these f-f transitions as the symmetry is reduced from
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pseudo-octahedral in the hexahalides to ~C; symmetry in the imido complexes. This alone cannot
account for the observed more than 20-fold difference in intensities. It is more likely that the f-f
transitions in the imido complexes gain intensity by coupling to the higher lying charge-transfer states
that give rise to the spectral band shown in Figure 5. Such coupling should scale according to the
transition intensity in these higher lying states and their energetic proximity to the f-f transitions.”' In
support of this proposed enhancement mechanism, we note in particular that the two complexes
possessing the most intense f-f bands, the acetylide (13) and the ketimide (18), are also the complexes
exhibiting the greatest intensities in the UV-visible transitions (Figure 5).

Conclusions

The chemistry reported here is a valuable entry into the synthesis and characterization of pentavalent
uranium organometallic complexes. The synthetic protocols developed enable for the generation of a
variety of (CsMes);U(=N-2,6-Pro-C¢Hi)(L) (where L = OTf, SPh, NPh;, OPh, Me, Ph, N=CPhy)
complexes. This is a strong complement to other reported routes to UY organometallic species, and we
have demonstrated that a multitude of substitution pattefns can be achieved utilizing an array of reaction
pathways — direct oxidation of the UV-imido precursor, salt metathesis, protonolysis or insertion. That
a wide range of substituents can be supported within the wedge of these UY-imido complexes refutes
prior assertions that pentavalent organouranium complexes are inherently unstable.

Structural analyses, electrochemical and spectroscopic studies provide a coherent description of the
electronic structure of these pentavalent systems and indicate that both the U-X/Y and U=N bonds
exhibit covalency. The qualitative picture of the energy levels that emerges from the absorption spectra
and shows the f-f excitations occur at low energies and both charge-transfer and ligand-based
excitations arise at higher energies, where the latter transitions involve excitations from M=N bonding
orbitals to either 5f orbitals or ligand-based n* orbitals. The electrochemical analysis shows that the

ligand framework can stabilize both the U" and U oxidation states.
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Experimental
General Considerations

Reactions and manipulations were performed in either a recirculating Vacuum Atmospheres NEXUS
model inert atmosphere (Ny) drybox equipped with a 40CFM Dual Purifier NI-Train or using standard
Schlenk techniques. Glassware was dried overnight at 150 °C before use. All NMR spectra were
obtained in C¢D using a Bruker Avance 300 MHz spectrometer. Chemical shifts for 'H NMR spectra
were referenced to solvent impurities. Melting points were determined with a Melt-Temp II capillary
melting point apparatus equipped with a Fluke 50S K/J thermocouple using capillary tubes flame—
sealed under nitrogen; values are uncorrected. Mass spectrometric (MS) analyses were obtained at the
University of California, Berkeley Mass Spectrometry Facility, using a VG ProSpec (EI) mass
spectrometer.  Elemental analyses were performed at the University of California, Berkeley
Microanalytical Facility, on a Perkin—Elmer Series I 2400 CHNS analyzer. X-ray data were collected
using either a Bruker APEX2 or Bruker P4/CCD diffractometer. Structural solution and refinement was
achieved using the SHELXL97 program suite.®* Details regarding data collection are provided in the
CIF files.

Benzene-ds (Aldrich) was purified by passage through activated alumina and storage over activated
4A molecular sieves prior to use. Celite (Aldrich), alumina (Brockman I, Aldrich) and 4 A molecular
sieves (Aldrich) were dried under dynamic vacuum at 250 °C for 48 h prior to use. All solvents
(Aldrich) were purchased anhydrous, dried over KH for 24 h, passed through a column of activated
alumina and stored over activated 4 A molecular sieves prior to use. (CsMes)U(=N-2.4,6-Bus-C¢H,)
1), (CsMes)UEN-2,6-Pry-CeHa)(THF)  (2),” Me;Mg(1,4-dioxane) and  Ph,Mg(THF),, %
[BusN][B(CeFs)s]® and [BusN|[B(3,5-(CF3),-CeHs)4]®° were prepared according to literature methods,
and 11 and 12 were prepared as previously reported.” KOPh and KPh, were both prepared by refluxing

a THF solution of HOPh and HNPh;, respectively, over 1 equiv of KH for 24 h.%
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Caution: Depleted uranium (primary isotope 2%) is a weak o—emitter (4.197 MeV) with a half-life
of 4.47 x 10° years; manipulations and reactions should be carried out in monitored fume hoods or in an
inert atmosphere drybox in a radiation laboratory equipped with o— and B—counting equipment.

Instrumentation and Sample Protocols

Electronic absorption spectral data were obtained for toluene or toluene-ds solutions of complexes
over the wavelength range 300-2500 nm on a Perkin-Elmer Model Lambda 950 UV-visible-NIR
spectrophotometer. Room temperature data were collected in 1 cm and 1 mm path length cuvettes
loaded in the Vacuum Atmospheres drybox system described above run versus the appropriate toluene
solvent reference. Samples were typically run at multiple dilutions to optimize absorbance in the UV-
visible and near-infrared, respectively. Data collected at 77 K were obtained from samples in toluene-ds
contained in medium-walled NMR tubes (503-PS from Wilmad/Lab Glass). The samples were
immersed in an optical dewar with a quartz cold-finger (WG-850-Q-PTI) and run in a standard
transmission spectrometer configuration versus air after ensuring the solutions glassed upon freezing.
Pure toluene-ds was run under identical conditions to perform solvent corrections to the sample spectra
post-data collection. No effort was made to be quantitative in determining extinction coefficients of the
samples under these conditions. Spectral resolution was typically 2 nm in the visible region and 4-6 nm
in the near-infrared in all cases.

Voltammetric data were obtained in the Vacuum Atmospheres drybox system described above. In
addition, data for complex 7 were obtained in a Schlenk-line electrochemical cell immersed in a dry
ice/2-propanol bath at ~-50 °C. All data were collected using a Perkin-Elmer Princeton Applied
Research Corporation (PARC) Model 263 potentiostat under computer control with PARC Model 270
software. All sample solutions were ~1-2 mM in complex with 0.1 M [BusN][B(3,5-(CF3),-CgHz)4] or
[BusN][B(CsFs)4] supporting electrolyte in THF solvent.”” All data were collected with the positive-

feedback IR compensation feature of the sofiware/potentiostat activated to ensure minimal contribution
to the voltammetric waves from uncompensated solution resistance (typically ~1 k€ under the

conditions employed). For experiments at ambient temperature, solutions were contained in PARC
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Model K0264 microcells consisting of a ~3 mm diameter Pt disk working electrode, a Pt wire counter
electrode, and a Ag wire quasi-reference electrode. For the low temperature experiment, a Schlenk cell
was employed consisting of Pt wire working and counter electrodes sandwiching a Ag wire quasi-
reference electrode. Scan rates from 20-5000 mV/s were employed in the cyclic voltammetry scans to
assess the chemical and electrochemical reversibility of the observed redox transformations. Half-wave
potentials were determined from the peak values in the square-wave voltammograms or from the
average of the cathodic and anodic peak potentials in the reversible cyclic voltammograms. Potential
calibrations were performed at the end of each data collection cycle using the ferrocenium/ferrocene
couple as an internal standard. Electronic absorption and cyclic voltammetric data were analyzed using
Wavemetrics IGOR Pro (Version 4.0) software on a Macintosh platform.

Magnetic susceptibility data were collected using a Quantum Design Superconducting Quantum
Interference Device (SQUID) magnetometer at 5 T from 2-350 K. The samples were sealed in a Smm
Wilmad 505-PS NMR tube along with a small amount of quartz wool, which held the sample near the
tube center. Contributions to the magnetization from quartz wool and the NMR tube were measured
independently and subtracted from the total measured signal. Diamagnetic corrections were made with
the use of Pascal’s constants.

Synthesis of (CsMes) ;U(=N-2,6-'Pr,-CsH3)(NPhy) (14)

A 125-mL side-arm flask equipped with a stir bar was charged with (CsMes),U(=N-"Pr,-CsHz3)(I)
(10) (0.25 g, 0.31 mmol) and toluene (50 mL). KNPh; (0.077 g, 0.37 mmol) was added to the stirring
dark brown solution and the reaction was stirred at room temperature. After 12 h, the reaction mixture
was filtered through a Celite-padded coarse frit and volatiles were removed from the filtrate. The
residue was extracted into hexanes (50 mL) and filtered through a Celite—padded coarse porosity frit.
The filtrate was collected and the volatiles were removed under reduced pressure to give 14 as a brown
solid (0.21 g, 0.25 mmol, 80%) suitable for further reaction. X-ray quality samples of 14 were obtained
by recrystallization from a toluene/hexamethyldisiloxane (1/1) mixture at -30 °C. Anal. Caled for

CaaHsyNoU (mol. wt. 851.97): C, 62.03, H, 6.74; N, 3.29. Found: C, 61.94; H, 6.37; N, 3.54. Mp =
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205-207 °C. MS (EL 70 ¢V): m/z 851 (MY. UYW Eip = <030 V, UV B, = -1.65 V (vs.
[(CsHs)2Fe™ in THF/0.1 M [BusN][B(3,5~-(CF3),-CsH3)4]). The "H NMR of 14 could not be obtained
over the temperature range 0-100 °C.

Synthesis of (CsMes);U(=N-2,6-'Pry-CsH3)(OPh) (15)

A 150-mL thick-walled Schlenk tube equipped with Teflon valve and a stir bar was charged with
(CsMes)U(=N-2,6-"Pro-CsH3)(1) (10) (0.25 g, 0.31 mmol), a magnetic stir bar, and toluene (50 mL).
To the dark brown solution was Vadded KOPh (0.049 g, 0.37 mmol) as an off-white powder. The
reaction vessel was sealed and removed from the drybox to a fumehood, where it was placed ina 75 °C
oil bath. After 12 h, the reaction was removed from heat, cooled to room temperature, and brought back
into the drybox. The reaction was filtered though a Celite~padded coarse frit and the volatiles were
removed from the filtrate. The crude product was extracted into hexanes (50 mL), filtered through a
Celite—padded coarse frit, and the volatiles removed under reduced pressure to give 15 as a brown solid
(0.18 g, 0.23 mmol, 75%) suitable for further reaction. X-ray quality samples of 15 were obtained by
recrystallization from a concentrated hexamethyldisiloxane solution at -30 °C. "H NMR (CsDs, 298 K):
549.91 (b, 1H, CH(Me),), 22.79 (1H, Ar-H), 16.43 (1H, Ar-H), 13.56 (1H, OPh), 11.43 (6H, CH(Me),),
10.21 (2H, OPh), 8.54 (1H, OPh)}, 3.33 (30H, (CsMes),), -6.19 (6H, CH(Me)y), -6.79 (1H, OPh), -11.33
(1H, Ar-H), -20.09 (b, 1H, CH(Me),). Anal. Calcd for CisHs;NOU (mol. wt. 776.85): C, 58.75; H,
6.75; N, 1.80. Found: C, 58.74; H, 6.96; N, 2.04. Mp = 197-199 °C. MS (EL, 70 eV): m/z 776 (M").
U™ Bip = -022 V, U Eip = -1.75 V (vs. [(CsHs)Fel™ in THF/0.1 M [BusN][B(3,5-(CFs)s-
CeHs)a])-

Synthesis of (CsMes) ;U(=N-2,6-'Pr,-Csl3) (Me) (16)

A 125-mL side-arm flask equipped with a stir bar was charged with (CsMes);U(=N-"Pr-CsH3)(1)
(10) (0.50 g, 0.62 mmol) and toluene (50 mL). Me,Mg(1,4-dioxane) (0.12 g, 0.84 mmel) was added to
the stirring dark brown solution followed by 1,4-dioxane (~0.5 mL) and the reaction was stirred at room
temperature. After 12 h, the reaction mixture was filtered through a Celite~padded coarse frit and

volatiles were removed from the filtrate. The residue was extracted into hexanes (50 mL) and filtered
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through a Celite—padded coarse porosity frit. The filtrate was collected and the volatiles were removed
under reduced pressure to give 16 as a brown solid (0.30 g, 0.43 mmol, 70%) suitable for further
reaction. 'H NMR (C¢Ds, 298 K): 6 68.20 (b, 1H, CH(Me)s,), 28.57 (1H, Ar-H), 19.67 (1H, Ar-H),
15.20 (6H, CH(Me),), 3.30 (30H, (CsMes)y), -2.20 (3H, U-Me), -7.30 (6H, CH(Me),), -7.84 (1H, Ar-H),
-16.06 (b, 1H, CH(Me),). Anal. Calcd for C33HsoNU (mol. wt. 698.79): C, 56.72; H, 7.21; N, 2.00.
Found: C, 54.64; H, 7.07; N, 1.87. U™V E;; =-0.13 V, U™V Eip = -1.71 V (vs. [(CsHs).Fe]™ in
THF/0.1 M [BusN][B(3,5-(CF3)2-CsH3)a]).

Synthesis of (CsMes),U(=N-2,6-"Pr.-CsHz)(Ph) (17)

A 125-mL side-arm flask equipped with a stir bar was charged with (CsMes)U(=N-"Pr-CsHs)(D)
(10) (0.50 g, 0.62 mmol) and toluene (50 mL). PhoMg(THF); (0.40 g, 1.24 mmol) was added to the
stirring dark brown solution followed by 1,4-dioxane (~0.5 mL) and the reaction was stirred at room
temperature. After 12 h, the reaction mixture was filtered through a Celite—padded coarse frit and
volatiles were removed from the filtrate. The residue was extracted into hexanes (50 mL) and filtered
through a Celite—padded coarse porosity frit. The filtrate was collected and the volatiles were removed
under reduced pressure to give 17 as a brown solid (0.38 g, 0.50 mmol, 80%) suitable for further
reactions. 'H NMR (C¢Ds, 298 K): 5 "H NMR (CeDs, 298 K): & 52.71 (b, 1H, CH(Me),), 30.79 (1H,
Ar-H), 2415 (1H, Ar-H), 14.65 (2H, Ar-H), 13.98 (6H, CH(Me),), 8.03 (3H, Ar-H), 3.00 (30H,
(CsMes),), -3.57 (6H, CH(Me),), -4.72 (1H, Ar-H), -15.47 (b, 1H, CH(Me),). The instability of 17
precluded elemental analysis.

Synthesis of (CsMes) ;U(=N-2,6-"Pr>-CsHy) (N=CPhy) (18)

Method A — Protonolysis: A 125-mL side-arm flask equipped with a stir bar was charged with
(CsMes)U(=N-"Pro-CsHa)I) (10) (0.25 g, 0.31 mmol) and toluene (50 mL). Me,Mg(1,4-dioxane)
(0.060 g, 0.42 mmol) was added followed by 1,4-dioxane (~0.25 mL) and the reaction was stirred for 12
h at room temperature. The resulting dark brown solution was filtered though a Celite—padded coarse
frit. The filtrate was transferred to a 150-mL thick-walled Schlenk tube equipped with Teflon valve

and a stir bar followed by benzophenone imine (0.067 g, 0.37 mmol} as a solution in toluene (5 mL).
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The reaction vessel was sealed and removed from the drybox to a fumehood, where it was placed in a
75 °C oil bath. After 12 h, the reaction was removed from heat, cooled to room temperature, and
brought back into the drybox. The reaction was filtered though a Celite-padded coarse frit and the
volatiles were removed from the filtrate. The crude product was extracted into hexanes (50 mL),
filtered through a Celite—padded coarse frit, and volatiles were removed under reduced pressure to give
18 as a brown solid (0.023 g, 0.27 mmol, 86%).

Method B — Insertion: A 125-mL side-arm flask equipped with a stir bar was charged with
(CsMes),U(=N-"Pro-CsHs)(I) (10) (0.25 g, 0.31 mmol) and toluene (50 mL). Phy,Mg(THF), (0.20 g, 0.62
mmol) was added followed by 1,4-dioxane (~0.25 mL) and the reaction was stirred for 12 h at room
temperature. The resulting dark brown solution was filtered though a Celite—padded coarse frit.
Benzonitrile (0.038 g, 0.37 mmol) was added to the dark brown filtrate as a solution in toluene (5 mL)
and the resulting reaction was stirred at room temperature. After 12 h, the reaction was filtered though a
Celite-padded coarse frit and the volatiles were removed from the filtrate. The crude product was
extracted into hexanes (50 mL), filtered through a Celite—padded coarse frit, and volatiles were removed
under reduced pressure to give 18 as a brown solid (0.025 g, 0.28 mmol, 91%).

X-ray quality samples of 18 were obtained by recrystallization from a concentrated hexane solution
at -30 °C. "H NMR (CgDs, 298 K): § 46.50 (b, 1H, CH(Me),), 28.79 (1H, Ar-H), 23.81 (1H, Ar-H),
21.69 (1H, Ar-H), 11.40 (6H, CH(Me),), 9.61 (3H, Ar-H), 7.92 (4H, Ar-H), 1.58 (30H, (CsMes),), -0.58
(2H, Ar-H), -2.38 (6H, CH(Me),), -8.17 (b, 1H, CH(Me),), -18.30 (1H, Ar-H),. Anal. Calcd for
C4sHsyN,U (mol. wt. 863.98): C, 62.56; H, 6.65; N, 3.24. Found: C, 63.58; H,6.39; N, 3.57. Mp = 216-
218 °C. MS (El, 70 eV): m/z 863 (M"). U™V E p=-0.34 V, UV B, = -1.84 V (vs. [(CsHs)oFe]' in
THF/0.1 M [BuyN][B(3,5-(CF3)2-C¢Hs)a]).
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